Investigations of ultrafast processes occurring on the nanoscale require a combination of femtosecond pulses and nanometer spatial resolution. However, controlling femtosecond pulses with nanometer accuracy is very challenging, as the limitations imposed both by dispersive optics on the time duration of a pulse and by the spatial diffraction limit on the focusing of light must be overcome simultaneously. In this paper, we provide a universal method that allows full femtosecond pulse control in subdiffraction-limited areas. We achieve this aim by exploiting the intrinsic coherence of the second harmonic emission from a single nonlinear nanoparticle of deep subwavelength dimensions. The method is proven to be highly sensitive, easy to use, quick, robust and versatile. This approach allows measurements of minimal phase distortions and the delivery of tunable higher harmonic light in a nanometric volume. Moreover, the method is shown to be compatible with a wide range of particle sizes, shapes and materials, allowing easy optimization for any given sample. This method will facilitate the investigation of light-matter interactions on the femtosecond-nanometer level in various areas of scientific study.
INTRODUCTION
The ability to control ultrafast light pulses with femtosecond and nanometer precision is of crucial importance for the study of fundamental dynamic processes in individual nano-objects, including coherent dynamics in molecules and photosynthetic complexes, 1, 2 femtosecond exciton dephasing in quantum dots 3 and ultrafast responses in plasmonic nanostructures. [4] [5] [6] [7] However, there are two fundamental limitations on the confinement of light in the femtosecond and nanometer regimes: on the one hand, femtosecond pulses are prone to becoming distorted in the phase domain while propagating through dispersive elements, such as lenses or objectives. Such distortions typically result in a stretched pulse: i.e., longer than the Fourier limit. 8 On the other hand, diffraction prevents light from being focused to sizes smaller than a few hundred nanometers. Controlling light with femtosecond and nanometer precision thus requires Fourier-limited pulses in a subdiffraction limited area.
Owing to its intrinsic coherence, the second harmonic (SH) emitted by a nonlinear crystal is sensitive to the spectral phase of a laser pulse and has therefore been widely used for femtosecond pulse characterization, mainly in combination with frequency-resolved optical gating 9 or spectral phase interferometry for direct electric-field reconstruction of ultrashort optical pulses. 10 The SH has also been used for both pulse characterization and compression with the so-called multiphoton intrapulse interference phase scan (MIIPS) technique. 11, 12 In this work, we have used MIIPS as a method for measuring and compensating for the phase distortions of a laser pulse after passage through a high numerical aperture (NA) microscope objective. In its standard implementation, MIIPS makes use of a bulk SH crystal and a pulse shaper to retrieve the spectral phase of a laser pulse and to correct for the phase distortions introduced by the optics. MIIPS is an excellent tool for addressing the femtosecond portion of the problem, and efficient pulse compression has been demonstrated in the focus of a high-NA objective for ultrafast microscopy applications. 12 However, even under optimal conditions, the spatial resolution is limited by the size of the focused beam at the sample position, that is, the diffraction limit. As a result, spectral and phase inhomogeneities in the focal volume cannot be addressed by standard MIIPS, which limits the validity of pulse shaping and calibration for ultrafast nanoscale experiments on single molecules, quantum dots, plasmonic systems, nanodiamonds, etc.
To overcome the diffraction limitation, phase information must be obtained based on a signal originating from a truly nanometric volume. To this end, we have used single nonlinear nanoparticles (NPs), instead of bulk crystals, as nanometer sources of SH generation. Because NPs are smaller than the excitation wavelength, SH phase matching conditions do not apply. 13 As a consequence, efficient SH generation can be achieved from a very broad wavelength range without the need to specifically tune the NP size or to change their orientation with respect to the incident light. These advantages make NPs more cost effective and easier to handle than their bulk crystal counterpart. The SH emission from single nonlinear NPs [13] [14] [15] [16] [17] [18] and nanotips 19 interacting with ultrafast pulses has recently been detected and studied. Using frequency-resolved optical gating, Extremann et al.
14 demonstrated ,70-fs pulse characterization on single SH NPs. However, frequency-resolved optical gating only allows precise measurements of the spectral phase of a laser pulse; it does not provide active control over the time duration or phase properties of the pulse, which is required for controlled femtosecond-nanometer investigations. Similarly, Wnuk et al. 16 presented SH autocorrelation traces from single NPs and studied the SH response for chirped 200-fs and compressed 13-fs pulses, but did not take advantage of the NPs for full femtosecond pulse control. Interestingly, Berweger et al. 19 showed full optical waveform control at the apex of a metallic tip by exploiting the concept of adiabatic plasmonic focusing. This approach is promising for the extension of scanning probe microscopy 20 to the ultrafast regime; however, it does not provide a general method for pulse calibration and control in lens-based optical microscopes.
To our knowledge, no general calibration method has yet been developed that allows full control of a femtosecond laser pulse over a subdiffraction-limited area. In this paper, we fill this gap and provide such a universal experimental method. Using the SH emitted by a single nonlinear NP, in combination with a pulse shaper, we demonstrate that a femtosecond laser pulse can be efficiently compressed and that its spectral phase can be controlled with high precision using the signal originating from a nanometric volume. Our method is versatile and compatible with a wide variety of microscope systems. Moreover, several advantages are gained by using NPs rather than, e.g., scanning tips as nanometer-sized probes: embedded in any biological or engineered sample, NPs have the ability to function as labels for nano-imaging, 21 as probes for local phase effects and short and longlived quantum coherence and as nanoscale sources of tunable higher harmonic light.
However, for all of these applications, it must first be established that the NP can sustain excitation with the shortest possible pulses without distorting the pulse shape, that minimal phase effects can be measured and that an arbitrary phase shape can reliably be imposed upon a femtosecond pulse in the nanometric volume of the particle. In this paper, we achieve these goals in two steps: first, we demonstrate the compression of a laser pulse down to the Fourier limit (17 fs) using the SH emitted by a single nonlinear NP as small as 150 nm. Second, once the pulse has been compressed, we also show deterministic coherent control of the SH spectrum of a single NP, achieved by accurately shaping the excitation pulse in the phase domain. The robustness and reproducibility of the method are finally demonstrated for NPs of different sizes, shapes and materials.
We consider that our findings will enhance the accuracy and userfriendliness of, e.g., ultrafast microscopy and nanoscopy, multiphoton microscopy and spatially resolved spectroscopy.
MATERIALS AND METHODS
The experimental set-up used herein consists of a broadband titanium sapphire laser (Octavius 85M; Menlo Systems GmbH, Am Klopferspitz 19a D-82152 Martinsried, Germany) tuned to a central wavelength of ,800 nm, with a bandwidth of ,90 nm calculated from the points at which the intensity of the spectrum drops to 30% of its maximum value. The repetition rate of the laser is 85 MHz, and the average power at the sample position was varied from 0.5 to 6 mW. The laser was sent through a pulse shaper (adapted from MIIPS-box; Biophotonics Solutions, Inc. Laboratories, 1401 East Lansing Drive, Suite 112 East Lansing, MI 48823, USA) based on a liquid-crystal spatial light modulator (SLM) integrated in a 4f-configuration and into an inverted confocal microscope. The laser beam was focused to a diffractionlimited spot with a 1.3-NA objective (Fluar; Zeiss, Carl-Zeiss Strasse 22 73447 Oberkochen, Germany) onto a thin (150 mm) microscope cover slip containing the SH NPs. A nanometer-precision piezoelectric scanner (Mad City Labs Inc., 2524 Todd Drive Madison, WI 53713, USA) allowed the sample area to be scanned over several microns. The SH from the NPs was collected in reflection through the same 1.3-NA objective and was sent either to an Avalanche photo-diode (PerkinElmer, 940 Winter Street Waltham Massachusetts 02451, USA) for imaging purposes or to a spectrograph (Shamrock SR-303i; Andor Technology plc. 7 Millennium Way Springvale Business Park, Belfast BT12 7AL, UK) for spectral measurements, using an electron-multiplying charge-coupled device camera (iXon; Andor). In all of the experiments described, we used linearly polarized excitation, and we collected the total SH signal emitted, integrated over all polarization directions.
We studied three different types of SH NPs: barium titanate (BaTiO 3 ), iron iodate (Fe(IO 3 ) 3 ) and gold (Au) NPs, as illustrated by the scanning electron microscopy (SEM) images in Control of fs pulses for ultrafast nanophotonics N Accanto et al 2 30918 Seelze, Germany) and Fe(IO 3 ) 3 (PlasmaChem GmbH, Rudower Chaussee 29 D-12489 Berlin, Germany) were dispersed in ethanol, sonicated and deposited onto a glass microscope cover slip and dried. The Fe(IO 3 ) 3 NPs have mean dimensions of ,150 nm and were homogeneously distributed over the coverslip, whereas in the case of BaTiO 3 , an inhomogeneous distribution of single NPs and small aggregates with sizes ranging from one hundred to a few hundred nanometers was found. Thus, the BaTiO 3 sample is suitable for size-and shapedependent experiments.
Spherical Au NPs, 100 nm in diameter, suspended in water solution and citrate-coated, were purchased from BB International (BBI SOLUTIONS 73 Ty Glas Avenue Cardiff, CF14 5DX, UK) and were prepared by interchanging the coating from citrate to BSPP following the method described by Bidault and Polman. 22 Briefly, 50 mL of citrate-coated particles was incubated overnight with 10 mg BSPP. The particles were then centrifuged to remove the supernatant before being rinsed and finally resuspended in a 0.5 mM BSPP solution. The final Au NP concentration was on the order of 0.02 mM. The Au dimer shown in the bottom right image of Figure 1 was formed by aggregation without any linker, and therefore, the two Au NPs were in direct contact.
The experiment was performed as follows: first, optical images of the NPs were acquired by scanning the sample with the piezoelectric scanner and collecting the SH signal with the avalanche photo-diode. Next, while continuously exciting one NP and recording its SH spectrum, we performed MIIPS to measure the spectral phase and to compress the initially distorted pulse down to its Fourier limit.
During a MIIPS iteration, a set of reference phase functions is applied to the SLM and the full SH spectrum is detected, which allows the initial spectral phase to be retrieved. In a second step, the negative of the retrieved phase (known as a compensation mask) is applied to the SLM to correct for distortions, and a new MIIPS iteration is run to measure the new spectral phase and to create a new compensation mask. This process is repeated until a compensation mask that yields a constant spectral phase over the full laser spectrum (i.e., producing a Fourier-limited pulse) is found. For details on the mechanism of MIIPS, see Refs. 11,12 and the references therein.
All of the theoretical SH spectra reported in this paper were simulated using the femtoPulse Master V1.1 software from BioPhotonic Solutions, Inc.
SEM was used to characterize the size and shape of the NPs studied in the optical measurements.
RESULTS AND DISCUSSION
We first studied the SH response of BaTiO 3 NPs, which were taken as our reference sample (Figures 2 and 3 ). We then tested our method SH image of the sample area before pulse compression. The circled particle was chosen for pulse compression. (c) SH image of the sample area after pulse compression, measured under identical acquisition settings. Note the total SH intensity increase collected from the NPs (the same color bar applies to both SH images). Red arrows indicate small NPs (mean dimension of 125 nm) that are clearly detectable only after pulse compression. (d) Laser spectrum used in the experiment, together with the spectral phase measured before and after pulse compression. Note that MIIPS successfully compensated for ,40-rad distortions. (e) SH spectra of the selected NP, as measured for different compensation masks during MIIPS optimization. Note that the SH spectrum after compression agrees very well with the simulated result (dashed black line). (f) Simulated (red dashed line) and measured interferometric autocorrelation (black line) of the compressed 17-fs pulse, as explained in the text. Inset: calculated time profile of the uncompressed (dashed red line) and compressed pulse (solid blue line). MIIPS, multiphoton intrapulse interference phase scan; NP, nanoparticle; SEM, scanning electron microscopy; SH, second harmonic. using Fe(IO 3 ) 3 and Au NPs to verify the robustness and versatility of the method (Figure 4) . Figure 2 shows the results of the pulse characterization and compression using the SH signal from a single BaTiO 3 NP. The upper panel shows an SEM image (Figure 2a ) and optical images of the same sample area, as measured before (Figure 2b ) and after (Figure 2c ) pulse compression under otherwise identical experimental conditions. The SH emission from individual NPs is clearly resolved in the optical images. An increase of more than one order of magnitude in the total SH signal from the NPs is observed upon excitation with compressed pulses. The NP highlighted with a circle in Figure 2 , which was found to have a mean dimension of 180 nm by SEM, was selected for performing pulse compression.
Control of fs
In Figure 2d , the fundamental laser spectrum used in the experiments is plotted together with the spectral phase retrieved by MIIPS before and after pulse compression. The initial spectral phase was measured to span approximately 40 rad across the entire laser spectrum, reflecting the amount of phase distortion introduced by the optics used in the experiment. After a few MIIPS iterations, a flat spectral phase was obtained with variations of less than 0.3 rad (Figures 2d and 3b) , corresponding to nearly Fourier-limited pulses. Figure 2e shows SH spectra measured for the selected NP after successive MIIPS iterations (i.e., with successive compensation masks applied to the SLM). Each MIIPS iteration is associated with an overall SH intensity increase. The initial low-intensity SH spectrum (red dashed line) is a direct consequence of the high phase distortions initially present in the laser pulse and can intuitively be understood as follows: high phase distortions correspond to a stretched pulse in the time domain, where different frequency components of the laser spectrum arrive at the sample at different times. Because the sum frequency generation of different frequency components cannot occur if the components are not reaching the sample at the same time, the contribution of this nonlinear effect to the SH signal is smaller for a stretched pulse. As MIIPS proceeds and the pulse is re-compressed in time, the SH intensity increases and the spectrum approaches the simulated result corresponding to Fourier-limited pulses (black dashed line). The total SH intensity collected from the NP was found to increase by a factor of 15 between the uncompressed and the Fourier-limited pulse (blue line). This increase is of fundamental importance for detecting even smaller particles, as shown in Figure 2c . The two NPs indicated with red arrows, not detectable using uncompressed pulses, become visible upon excitation with a Fourierlimited pulse. As shown by the SEM images in the right panel of Figure 1a , these particles have mean dimensions of 125 nm.
These results clearly demonstrate our ability to compress femtosecond pulses using the SH produced by a subdiffraction-limited NP. More importantly, the results show that femtosecond pulses can be delivered to nanometric probes unperturbed by, e.g., spatiotemporal coupling 23, 24 or by the probe itself. Moreover, nonlinear signals and phase information can be reliably extracted from deep subwavelength volumes, which is an important prerequisite for accurate nonlinear nanoscopy.
It is noteworthy that the intensity of the SH signal collected from a single BaTiO 3 NP in our experiment was sufficient to produce a SH spectrum in less than 1 s, which allows MIIPS to proceed rapidly. Typically, fewer than 10 MIIPS iterations are needed to compensate for the phase distortions, when using 32 points (i.e., acquiring 32 different SH spectra) for the first four iterations and 128 points for the remaining iterations. Full pulse compression therefore takes less then 15 min.
As an independent verification of the Fourier-limited character of the compressed pulse, we acquired an interferometric autocorrelation trace of the laser pulse using the SH emitted by the same NP. Such an interferometric autocorrelation trace is measured by scanning the relative time delay of two identical replicas of the original pulse generated by the pulse shaper, as described by Pestov et al. 25 The graph in Figure 2f shows the integrated SH intensity as a function of the time delay between the pulse replicas. The interferometric autocorrelation The SH spectra measured before and after compression and for a step function of amplitude p applied to the SLM are compared with the calculated spectra. MIIPS, multiphoton intrapulse interference phase scan; NP, nanoparticle; SEM, scanning electron microscopy; SH, second harmonic; SLM, spatial light modulator.
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function has a full-width at half-maximum (FWHM) of 23.6 fs, which, for a Gaussian pulse, corresponds to a pulse duration of 16.7 fs (FWHM). To illustrate the dramatic effect of the compression on the time profile of the laser pulse, we also plotted the calculated intensity autocorrelation 25 for the pulse before and after compression as an inset. For the compressed pulse, a single narrow peak with a FWHM of 23.6 fs is observed, whereas in the case of the uncompressed pulse, a much broader central peak (56-fs FWHM) is observed, superimposed on a very broad pedestal containing 85% of the total integrated intensity and extending up to 61 ps from the central peak.
To test the reproducibility of this method and its independence of the specific particle, we measured the spectral phase for several NPs differing in size, shape and even material. First, we studied the SH emitted by the 15 different BaTiO 3 NPs indicated in the SEM image of Figure 3 . These NPs provide a large distribution of sizes, varying from 130 to 500 nm in mean dimension, with a variety of shapes (see representative examples in Figure 1a) .
In Figure 3a , we show the spectral phases measured for the 15 different BaTiO 3 NPs when applying the best compensation mask previously obtained (namely, the mask corresponding to Fourierlimited pulses) using NP 1 as the SH source. Very good agreement among all of the measured spectral phases was found. If one considers only the area of the fundamental spectrum in which the intensity is above 30% of the maximum, i.e., where the measurement is the most reliable, then the mean phase varies by less than 0.3 rad and the standard deviation is below 0.15 rad (Figure 3b ), thus confirming the good level of compensation obtained and the independence of our method with respect to the size and shape of the NP.
The fact that the same phase response was measured for NPs that differ in size, shape and orientation allows us to draw direct conclusions regarding the possible polarization dependence of the spectral phase response and potential spatiotemporal coupling. The polarization of the excitation light is generally used to study the spatial orientation of SH particles (see, e.g., Ref. 13 ). Here, we used linear polarization to excite many randomly oriented NPs. The process of measuring differently oriented NPs with respect to the polarization axis is equivalent to an effective rotation of the incident polarization. Because the measured spectral phase is consistent among the NPs, we conclude that, in the range of particle sizes explored, our phase measurement is independent of the relative polarization of the incoming light. In addition, the SH NPs, which are smaller than the diffractionlimited excitation spot, provide a means to investigate possible spatiotemporal coupling inside the focal volume. Each NP, depending on its relative position with respect to the focus and its specific size, shape and orientation, probes a different subvolume of the excitation spot. Therefore, the fact that the phase response does not depend on the specific NP investigated ensures that different subvolumes in the excitation spot have the same spectral phase. In other words, there is no measurable spectral phase inhomogeneity inside the focal volume. 23, 24 The ability to test for spatiotemporal inhomogeneities inside the excitation spot is a unique advantage of using NPs as opposed to SH bulk crystals and provides a tool for correctly designing pulse-shaping experiments on the nanoscale.
In a typical pulse-shaping experiment, 1 once a pulse has been compressed, the SLM is used to control the pulses via the application of specific spectral phases, e.g., to obtain chirped pulses or a sequence of pulses with defined delays and phase relations. To demonstrate full pulse control on the nanoscale level, we applied different phase masks to the SLM, acquired corresponding SH spectra and compared them with simulations. The test phases included the flat phase (corresponding to Fourier-limited pulses), the phase before pulse compression (corresponding to distorted pulses) and a mask with a p phase difference between the short and long wavelength parts of the laser spectrum. As Figure 3d confirms, the SH spectra collected for NP 8 in the SEM images (mean size of 160 nm) corresponding to such applied phases are in very good agreement with the calculated spectra. These results also show that the SH emission from a single NP can be deterministically manipulated in its frequency domain. In practice, once our compression method is applied, these NPs can be considered as nanometer sources of easily tunable, coherent blue light, with pulse lengths and wavelengths all controlled by the application of the proper spectral phase. As a final test of the universal nature of our method, we performed similar measurements on particles composed of Fe(IO 3 ) 3 and Au. The results for these NPs are reported in Figure 4 . Although pulse compression can also be performed on these particles, starting from a completely uncompressed pulse and obtaining similar results as for the BaTiO 3 NPs, the main objective of the experiments described herein is to verify that the same spectral phase is measured regardless of the SH NP material. For this purpose, we proceeded as follows: first, we compressed the laser pulse inside the focus of the microscope objective using BaTiO 3 NPs, retrieving a phase with variations of less than 0.3 rad over the laser spectrum, as described above. Then, a few phase measurements were performed on different BaTiO 3 NPs to obtain the mean phase and standard deviation. Next, we changed to either the Fe(IO 3 ) 3 or the Au sample and ran a phase measurement on one NP, starting from the compensation mask obtained from MIIPS on the BaTiO 3 NPs. In Figure 4 , these phase measurements together with the SH spectra for different applied phases are shown for an Fe(IO 3 ) 3 NP 110 by 160 nm in size (see Figure 1b bottom ) and for two different Au NPs: a dimer composed of two attached 100-nm Au spheres and a single 100-nm Au sphere (Figure 1c ). For these particles, the laser power was reduced from 6 mW to approximately 0.5 mW to avoid photo damage. Even when applying this lower power to Fe(IO 3 ) 3 , we were able to collect SH spectra with less than a 1-s integration time for 150-nm particles, confirming the good SH efficiency of this material.
14 For the Au NPs, an integration time of less than 1 s was still possible in the case of the Au dimer, whereas for the single 100-nm Au NPs, the integration time was increased to 2 s or longer to obtain an adequate signal-to-noise ratio in the SH spectra.
As illustrated in Figure 4d , for the Fe(IO 3 ) 3 NPs, the measured phase is well within the standard deviation obtained previously for the BaTiO 3 NPs. Moreover, the SH spectra acquired before compression, after compression and with a p amplitude step function are in good agreement with the simulated results ( Figure 4a) .
Next, we studied the Au NPs. Au NPs are known to undergo both SH generation 26, 27 and two-photon absorption, giving rise to twophoton photoluminescence (TPPL). 28 The onset of TPPL emission spectrally overlaps with the long wavelength part of the SH spectrum. TPPL from Au has been successfully used for mapping the plasmonic resonances of Au NPs. 29 However, in the present case, the incoherent TPPL is rather a background contribution that might disturb precise measurements of the SH spectrum and therefore of the spectral phase. In qualitative agreement with a recent work by Deng et al., 30 we found that the ratio between the SH and TPPL is larger for Au dimers than for single 100-nm Au NPs. Moreover, the TPPL emission changes as a function of the spectral phase, as expected for a nonlinear process, being maximal for fully compressed laser pulses. As shown in Figure 4c for a single Au NP, no clear SH could be measured under the typical acquisition settings without compressing the laser pulse. To achieve a good signal-to-noise ratio for the SH signal, an integration time of at least 5 s was required. Nevertheless, even for this particle, regardless of the long integration time and the very high TPPL contribution partly overlapping with the SH signal, the measured spectral phase differed by no more than 0.2 rad from that obtained for the BaTiO 3 NPs and the Au dimer (Figure 4e) . Moreover, the SH spectrum could still be accurately controlled in the case of the Au dimer (Figure 4b ) and, to a good extent, for the single NP as well (Figure 4c ).
These observations show that the phase responses of all of the NPs investigated were the same: i.e., there is no additional phase information associated with the NPs. A priori, this result is expected for dielectric materials, such as BaTiO 3 and Fe(IO 3 ) 3 , that are transparent in our fundamental spectral range, whereas this is not necessarily the case for Au NPs. Indeed, it is well known that metallic NPs can show plasmonic resonances in the visible and near-infrared spectrum. 31 Such resonances carry phase information that, in our experiment, might manifest as additional features in the phase measurement and would therefore affect the measurement of the laser spectral phase. 32 Because our objective was to precisely measure the laser spectral phase, we chose Au NPs that were off-resonant with the excitation pulse, as confirmed by extinction measurements (data not shown), which showed that the plasmonic resonance was centered at ,570 nm for the investigated NPs.
The results described above prove the independence of the phase measurement and SH control with respect to the NP size, shape and material. This conclusion directly impacts the ease of use of this method, as it shows that the NPs can reliably be used as local probes to measure minimal phase effects, without size and shape factors beyond fabrication control influencing the measurement. It is important to highlight that NPs can be adapted in size and material to best suit the sample under investigation. NPs of the size of a typical mode volume in a nanostructured sample, as well as biologically inert particles and particles with dielectric constants matched to the sample to minimize scattering, will reliably measure accurate nanoscopic nonlinear responses.
CONCLUSIONS
In this paper, we have shown that using the SH from individual NPs, in combination with a pulse shaper, allows one to obtain full phase and time control of a femtosecond laser pulse over a subdiffraction-limited area.
We have demonstrated this ability in two steps: first, using the SH from a single 150-nm NP, we were able to fully compress a femtosecond laser pulse in the time domain down to its Fourier limit using MIIPS; second, we showed that it is possible to deterministically control the SH emission from a single NP when applying specific spectral phases to the laser pulse. The universal character and robustness of our method are evident from the experiments reported for particles of different sizes, shapes and materials.
Taken together, these results demonstrate full femtosecond pulse control on a nanometer spatial scale and pave the way toward ultrafast and coherent control experiments on the nanoscale. In addition, the accuracy of phase control at the nanoscale achieved herein allows studies of the intrinsic phase response in nanostructures such as resonant plasmonic NPs. Finally, our SH control scheme allows SH NPs to be used as nanometer sources of tunable, coherent blue light.
